Introduction
The recent proposal [1] of a Laser Plasma Storage Ring (LPSR) envisions the use of a laser-plasma (LP) acceleration module to inject an electron beam into a compact 500 MeV storage ring. Electron bunches generated by LP methods are naturally very short (tens of femtoseconds), presenting peak currents on the order of 10 kA or higher. Of obvious concern is the impact of collective effects and in particular Coherent Synchrotron Radiation (CSR) on the beam dynamics in the storage ring. Available simulation codes (e.g. Elegant [2] ) usually include transient CSR effects but neglect the contribution of radiation emitted from trailing magnets. In a compact storage ring, with dipole magnets close to each other, cross talking between different magnets could in principle be important. In this note we investigate this effect for the proposed LPSR and show that, in fact, this effect is relatively small. However our analysis also indicates that CSR effects in general would be quite strong and deserve a a careful study.
Storage Ring Lattice
In this note, we investigate the CSR-induced energy kick experienced by a bunch as it propagates through one-quarter of the Laser-Plasma Storage Ring lattice illustrated in Fig. 1 . The beam is assumed to propagate clockwise through the bends, which are numbered successively as 1, . . . , 8. We will consider a 1-D model of longitudinal CSR in which the bunch propagates rigidly throughout the lattice. For the purpose of computing the longitudinal CSR wake, cavities and multipoles are treated as drifts of an equivalent length.
Within the indicated bend (Bend 1), a bunch will interact with CSR generated when its electrons lie upstream at their appropriate retarded times. In general, the dominant source of CSR in the indicated region will be the radiation generated within Bend 1. However, the bunch may also interact with radiation generated within Bends 7 and 8. This upstream CSR can follow the bunch through one or more lattice elements before finally interacting with the bunch. In this note, the significance of this effect is investigated using the 1-D CSR model of [3] 
SPR
Examine the wake in this bend model of the longitudinal charge density in the storage ring, as described in the following section. The basic parameters describing the bunch and the relevant portion of the lattice are shown in Table 1 . 
Model of the Bunch
The longitudinal phase space distribution for the bunch in the storage ring is shown in Fig. 2 . The distribution is partitioned into two disconnected regions. The main body of the bunch, indicated by the macroparticles shown in red, contains a charge of 635 pC. The small region indicated in green contains a charge of 2.9 pC; for the purposes of this study, this portion is neglected. Neglecting this charge has negligible effect on the longitudinal current profile shown below. The longitudinal density is modeled as:
where
The density is uniquely described by the three length parameters a, b, and r, while the normalization L b is determined from the requirement that
For a known peak current I pk , the current profile along the bunch is given by:
The relationship between the bunch charge and the peak current is determined by noting:
A macroparticle distribution using 58623 particles for a bunch in the storage ring was used to obtain the longitudinal density profile along the bunch. This density profile was smoothed using a Bezier cubic spline, and the result was fitted against the analytical density profile (5). A fit given by the parameters a = b = 4 µm and r = 7 µm is shown in Fig. 3 . These parameters give an rms bunch length of σ z = 5 µm and L b = 15.912 µm. Using the fact that Q b = 635 pC gives the peak current of I pk = 12 kA. Comparison between the idealized current profile of (5) with a = b = 4 µm and r = 7 µm (blue), and the smoothed current profile obtained using the macroparticle distribution corresponding to Fig. 2 (red). The current profile with noise is shown in green, and the head of the bunch is located at z = a + r = 11 µm.
CSR Wakefields 4.1 Steady-state CSR
The free-space steady-state CSR wake generated within a single bend of the storage ring is illustrated in Fig. 4 (red) , together with the current profile along the bunch (blue). The wake was computed using an integrated Green function method based on the 1-D CSR model of [3] together with the longitudinal charge density described in the previous section. In this regime, the steadystate wake is well-described by using an asymptotic approximation to the 1-D CSR kernel, since the short-range behavior of the CSR kernel occurs on the scale R/γ 3 << σ z , where R is the bend radius. (See (19) of [4] and (17) of [3] .) Figure 5 illustrates the free-space CSR wake along the length of the bunch at several different locations within Bend 1. The results shown include the effect of CSR generated within Bend 1, as well as within Bends 7 and 8, together with the transient fields that are produced when transitioning from a drift into a bend [3, 4] . In each case, the wake was computed using an integrated Green function method. Note that once the bunch has propagated 6 cm into the bend, the total CSR wake along the bunch is indistinguishable from the steady-state wake of Fig. 4 . Figure 6 illustrates the difference between the CSR wake of Fig. 5 and the CSR wake that is obtained when only entry transients [4] are included. Thus, Fig. 6 represents the contribution of Bends 7-8 to the total wake in Bend 1 ("upstream CSR"). This upstream CSR takes the shape of the longitudinal density of the bunch, with a centroid that shifts forward relative to the bunch centroid as the bunch moves downstream into the bend. The peak value of the upstream CSR wake is shown in Fig. 7 as a function of the distance d of the bunch centroid into Bend 1, and it reaches a maximum near d = 10 cm. Beyond 6 cm, there is negligible interaction between the bunch and the upstream CSR wake.
Including transient effects
To better understand the interaction between the bunch and the CSR wake, note that the wake is given by an integral of the form:
where ρ denotes the longitudinal number density of the bunch, z denotes the longitudinal coordinate within the bunch, and K CSR is the CSR interaction kernel [3] . Thus, a particle in the bunch at a longitudinal location z receives energy kicks from particles upstream in the bunch at locations z < z. preceding Bend 1, and particles that satisfy ζ ≥ ζ 2 lie within Bend 8 or beyond. Thus, the bunch upstream of a given location z is partitioned into three regions characterized by the parameters ζ 1 and ζ 2 . Figure 8 illustrates these quantities as a function of the distance d of the bunch centroid into Bend 1. Here l b denotes the end-to-end length of the bunch. When ζ 2 > l b , there is no contribution from upstream CSR. Similarly, when ζ 1 > l b , there is no contribution from entry transient effects, and the CSR wake is identical to its steady-state value.
Energy kick
The net energy kick experienced by a particle in the bunch as it propagates through one-quarter of the storage ring was computed by integrating the CSR wake through the portion of the lattice indicated SPR in Fig. 1 . The result is shown in Fig. 9 . In the figure shown at left, the CSR wake within each element contains contributions from the two preceding bends, together with entry and exit transients.
The figure at right in Fig. 9 illustrates the difference between the energy kick that is obtained with and without the inclusion of upstream CSR, indicating that this difference is approximately 0.2% relative to the peak energy loss of 80 MeV. Note that the energy kick due to upstream CSR is very small due to the fact that the upstream CSR wake decouples from the bunch within the first 6 cm of the bend entry (Fig. 8) .
Summary
A 1-D integrated Green function routine based on [3] was used to to compute CSR wakefields in the Laser-Plasma storage ring of Fig. 1 , using the idealized beam profile of (1). The effect of radiation from upstream bends is included. The short rms bunch length (5 µm) and large peak current (12 kA) result in strong CSR-induced energy loss near 1 GeV. However, the short bunch length also results in a rapid decoupling between the bunch and the effects of radiation from upstream bends. Results obtained using this idealized beam profile indicate that the CSR from upstream bends 
